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OXIDATION CATALYST FOR REMOVING
FINE SOOT PARTICULATES FROM
EXHAUST GASES AND METHOD OF
REMOVING FINE SOOT PARTICULATES
USING THE SAME

FIELD OF THE INVENTION

The present invention relates, generally, to an oxidation
catalyst for removing fine soot particulates from exhaust
gases and a method of removing fine soot particulates using
the same. More particularly, the present invention relates to an
oxidation catalyst including titanium, which 1s used to
remove fine soot particulates from exhaust gases of diesel
engines, 1cinerators, or boilers, at a lower temperature, and
to a method of removing fine soot particulates using the
oxidation catalyst.

BACKGROUND OF THE INVENTION

In general, diesel engines are advantageous because they
have various uses due to their high power and ability to be
operated even under high loads. However, since exhaust gases
discharged from such diesel engines are a major source of air
pollution, their allowable discharge standard becomes more
and more strict throughout the world. The main pollutants
from diesel engines include fine soot particulates, hydrocar-
bons, carbon monoxide, soluble organic solvents, and nitro-
gen oxides. In particular, the soot particulates and NO,
directly impact life, such as increasing a generation rate of
cancer of the respiratory organs, and thus, diesel exhaust
gases are classified as carcinogenic material by IARC (The
International Agency for Research on Cancer) and USEPA
(The US Environmental Protection Agency). Hence, various
treatment techniques for removing diesel exhaust gases have
been devised. Such techniques are largely divided into engine
improvement techniques and post-treatment techmques. Of
these techniques, as post-treatment techniques, methods of
removing soot particulates and of removing NO_ have chietly
been developed. However, the former engine improvement
techniques need to be more urgently realized.

At present, the removal of soot particulates from exhaust
gases chietly depends on regeneration processes following
the collection. However, the above process 1s disadvanta-
geous because a filter for use 1n the removal of soot particu-
lates may be internally clogged by cake-like particulates over
time. With the goal of prolonging the lifetime of the filter, the
combustion of the adsorbed soot particulates 1s periodically
required. During the past several years, many attempts to
regenerate a {ilter have been vigorously made, and the fol-
lowing techniques have been actualized:

(1) Combustion of soot using an external heat source, such

as a heater or a burner:;

(2) Formation of combustion conditions of soot using
engine control, such as an increase 1n exhaust gas tem-
perature; and

(3) Reduction 1n a combustion temperature of soot using a
catalyst.

Particularly, regeneration methods using a catalyst are
advantageous because high regeneration efliciency can be
simply realized without additional power or energy consump-
tion. The above methods are typically realized by coating a
filter with a catalyst including a precious metal component

such as platinum (Pt) or palladium (Pd) (U.S. Pat. Nos. 6,683,
900, 6,274,107, and 5,911,961, and Korean Patent Laid-open
Publication Nos. 2003-0028121, 2003-0007993, 2003-
0091346, and 2004-0095166). However, since the use of a
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precious metal 1n a high concentration of about 2.5-7 g/L 1s
required to decrease the oxidation temperature of soot, the
preparation cost increases and the amount of soot particulates
1s somewhat increased due to the formation of sulfur oxides.
As a non-precious metal catalyst, an NO, reduction catalyst
including ZnAl,O, as Spinel-based crystals 1s disclosed (U.S.
Pat. No. 5,876,681), and a Perovskite type metal oxide cata-
lyst including a small amount of platinum 1s disclosed (U.S.
Pat. No. 5,622,680). Although the above catalysts are said to
take charge of effective oxidation of soot particulates, the
development of more effective catalysts usable at lower tem-
peratures 1s necessary, taking into account that the exhaust
gas temperature of diesel engines ranges from 150 to 350° C.

In addition, soot particulates may be formed due to the
incomplete combustion 1n boilers or incinerators using fossil
fuel, and as well, the soot particulates thus formed are pre-
cipitated 1n a boiler pipe or an exhaust pipe, thus decreasing
the combustion efficiency and requiring the washing of the
exhaust pipe. Therefore, there 1s urgently required the devel-
opment of a catalyst that 1s used to oxidize the precipitated
soot particulates to be removed, does not deteriorate at high

temperatures, and 1s not poisoned even 1n the presence of
SO,

SUMMARY OF THE INVENTION

Leading to the present invention, intensive and thorough
research 1nto oxidation catalysts, carried out by the present
inventors, resulted in the finding that an oxidation catalyst
including titanium may be used, whereby fine soot particu-
lates can be effectively removed at a lower temperature, and
thermal durability of the catalyst 1s exhibited, and also, the
activity of the catalyst can be maintained without being poi-
soned 1n conjunction with a sulfur compound.

Accordingly, an object of the present invention 1s to pro-
vide an oxidation catalyst for removing fine soot particulates
from exhaust gases of diesel engines, incinerators or boilers.

Another object of the present invention i1s to provide a
method of removing fine soot particulates using the oxidation
catalyst.

In order to accomplish the above objects, the present inven-
tion provides an oxidation catalyst for removing fine soot
particulates, which 1s represented by the structural formula
below:

MM, Ti,O-

Wherein M 1s potassium as an essential element; M, 1f
present, 1s at least one cation metal selected from the group
consisting of Na, L1, Ca, Mg, Ba, Sr, La, Co, Fe, N1, Cr, Mn,
/n, Cu, Cd, Mo, V, W, Ce, Bi1, Sn, Sb, Pd, Pt, Ru and Rh; a 1s
equal to or less than 2; and b 1s O to 2/n, wherein n 1s cation
charge of metal element of M,,.

In addition, the present invention provides a method of
removing {ine soot particulates, comprising contacting fine
soot particulates of exhaust gases with the above oxidation
catalyst to oxidize the fine soot particulates using oxygen,
NO, or NO, 1n exhaust gases at 150-650° C. thus removing
fine soot particulates.

DESCRIPTION OF THE PR.
EMBODIMENTS

(L]
Y

ERRED

Hereinatter, a detailed description will be given of the
present invention.

The present mvention provides an oxidation catalyst,
which has a structural formula represented by M_M, '11,0.,
wherein M | 1s potassium as an essential element; M, may be
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present or absent, and, 1f present, 1s at least one cation metal
selected from the group consisting of Na, L1, Ca, Mg, Ba, Sr,
[a, Co, Fe, N1, Cr, Mn, Zn, Cu, Cd, Mo, V, W, Ce, B1, Sn, Sb,
Pd, Pt, Ru and Rh. In the structural formula of the oxidation
catalyst of the present invention, a 1s equal to or less than 2 and
b 1s 0 to 2/n, wherein n 1s cation charge of the metal element
of M,.

As the oxidation catalyst of the present invention, potas-
stum dititanate (K,T1,0.) 1s the most preferable. Potassium
dititanate may be prepared by subjecting a titanium precursor
(e.g., titanium 1sopropoxide) and a potassium precursor (€.g.,
potassium carbonate, potassium acetate, or potassium
nitrate), serving as a starting material, to a polymerizing
complex process or sol-gel process. In addition, potassium
dititanate may be prepared through direct solid reaction
between T10, and a potassium precursor (e.g., potassium
carbonate) at a high temperature.

Further, the oxidation catalyst for removing fine soot par-
ticulates of the present invention may be prepared by replac-
ing part of potassium cations 1n a basic structure of potassium
dititanate (K, T1,0.) with one or more other cation metals, for
example, at least one cation metal selected from the group
consisting of Na, L1, Ca, Mg, Ba, Sr, La, Co, Fe, N1, Cr, Mn,
/n, Cu, Cd, Mo, V, W, Ce, Bi1, Sn, Sb, Pd, Pt, Ru and Rh.

Then, the potassium dititanate catalyst, or the catalyst
obtained by replacing part of the potassium in the above
potassium dititanate catalyst with at least one cation metal
selected from the group consisting of Na, L1, Ca, Mg, Ba, Sr,
La, Co, Fe, N1, Cr, Mn, Zn, Cu, Cd, Mo, V, W, Ce, B1, Sn, Sb,
Pd, Pt, Ru and Rh, contacts fine soot particulates included 1n
exhaust gases of incinerators, diesel engines, boilers or other
combustion devices, thus removing fine soot particulates.

In addition, the oxidation catalyst of the present invention
may be used by directly applying 1t to an exhaust pipe for the
discharge of exhaust gases, or by applying 1t to a wall of a
device for filtering soot particulates or a honeycombed dust
filter module for purifying exhaust gases. Thereby, the fine
soot particulates adhere on the surface of the oxidation cata-
lyst thus applied, and thus, they are oxidized by oxygen or
NO, present in the exhaust gases and removed. This proce-
dure may be explained as follows:

Soot particulates+O,, - - - >CO,

Soot particulates+NO - - - >CO,+N,

Soot particulates+NO, - - - >CO,+NO

In addition, the present invention provides a method of
removing {ine soot particulates, which comprises contacting,
fine soot particulates of exhaust gases with the oxidation
catalyst to oxidize the fine soot particulates using oxygen,
NO, or NO, 1n exhaust gases at 150-650° C., preferably
150-500° C. thus removing {ine soot particulates.

The oxidation catalyst of the present invention is directly
applied to an exhaust pipe for discharging exhaust gases, or 1s
applied to a wall of a device for filtering soot particulates or a
honeycombed module for puritying exhaust gases. Thereby,
the oxidation catalyst contacts fine soot particulates of
exhaust gases, and thus, the soot particulates are oxidized
using oxygen or NO_at 150° C. or higher, thus removing fine
soot particulates. Meanwhile, the fine particulates, precipi-
tated due to the incomplete combustion at a temperature
lower than 150° C., begin to burn in the presence of the
catalyst of the present mvention as the temperature of the
diesel engine 1s increased to 150° C. or higher. Further, the
soot particulates are combusted without catalysts at a tem-
perature of higher than 650° C.

To more effectively remove the fine soot particulates from
the exhaust gases, the method of the present invention further
includes pre-oxidizing NO 1n the exhaust gases to NO,,
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before contacting the fine soot particulates with the oxidation
catalyst ol the present invention. As such, the pre-oxidizing of
NO to NO, may be conducted by using a catalyst (e.g., Pt/alu-
mina) able to oxidize NO to NO,, or by using a high energy
device, such as a plasma reactor, pulsed corona, 10n beam, etc.
able to oxidize NO 1n the exhaust gases to NO, at room
temperature, removing {ine soot particulates.

In this way, the oxidation catalyst including titanium of the
present invention may be used to remove fine soot particulates
from exhaust gases of diesel engines, incinerators, or boilers,
at a lower temperature. Further, since the above catalyst
exhibits thermal durabaility, 1ts activity may be stably main-
tained even under thermal stress for a long time period. Also,
the catalyst eliminates the danger of poisoning from sulfur
compounds present 1n exhaust gases, and can stably maintain
its activity.

A better understanding of the present mvention may be
obtained 1n light of the following examples which are set forth
to 1llustrate, but are not to be construed to limit the present
invention.

EXAMPLE 1

Preparation of Potassium Dititanate (K, 11,0.) Catalyst
Having Low Surface Area

Mixture powders comprising 0.5 g of Ti0, and 0.43 g of
K,CO, were uniformly ground using a mortar and pestle
while a small amount of ethanol was added to moisten the
surface of the powders. After the mixture powders were
ground until the ethanol evaporated, they were completely
dried at room temperature. This procedure was repeated 3-4
times, and then a sintering process was performed at 850° C.
for 10 hr, to obtain an oxidation catalyst. The catalyst thus
prepared had a surface area of 0.5 m”/g.

EXAMPLE 2

Preparation of Potasstum Dititanate Catalyst Having High
Surface Area

9.6 g of citric acid were added to 50 ml of distilled water at
60° C. to prepare an aqueous solution of 1 M citric acid, which
was then added with 5 g of titantum 1sopropoxide and sudfi-
ciently stirred. The resultant solution was slowly added with
2.431 g of K,CO, while being stirred. After 1 hr, ethyleneg-
lycol was added to the stirred solution to satisiy a stoichio-
metric ratio versus a metal of 1:1, and then the reaction
mixture was stirred for several hours to enter a gel state at
80-90° C. The prepared gel was heat treated 1n a muitle
furnace having sufficient air at 400° C. for 1 hr to form
powders, which were then ground using a mortar and pestle
and sintered at 850° C. for 10 hr, to obtain an oxidation
catalyst. The catalyst thus prepared had a surface area of 2.5
m>/g.

EXAMPLE 3

Preparation of Potassium Dititanate Catalyst Having Par-
tially Replaced Cobalt Ion

The potassium dititanate catalyst prepared in Example 2
was added to an aqueous solution of 1 N HCI, stirred at
60-100° C. for 2 hr, filtered and then dried. The dnied powders
were added to an aqueous solution of 1 N NH,NO,, stirred at
60-100° C. for 10 hr, and then filtered. The dried powders
were heat treated at 450° C. for 5 hr. The powders thus heat
treated were added to an aqueous solution of 0.25 N cobalt
ion-contaiming precursor (e.g., Co(NO,),), stirred at 80° C.

for 10 hr, filtered and then dried. The dried product was
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sintered at 450° C. for 5 hr, to obtain a catalyst
(K, ,CO, ;T1,0;) having cobalt 10ns and potassium 10ns at a
molar ratio of 3:14.

COMPARATIVE EXAMPLE 1

Preparation of La, (K, ,CoO, Catalyst Having High Sur-
face Area

To compare with the activity of the potassium dititanate
catalyst of the present invention, a Perovskite type
La, (K, ,CoO, catalyst disclosed 1n U.S. Pat. No. 3,622,680
was prepared. The La, (K, ,CoO; catalyst was synthesized as
tollows. That 1s, 3 g of lanthanum acetate, 0.233 g of potas-
sium acetate, and 2.95 g of cobalt acetate, serving as a pre-
cursor, were each completely dissolved 1n distilled water, and
then the obtained precursor solutions were mixed. The reac-
tion of the mixed solution took place for 6 hr or more, after
which all solution material was removed using a vacuum
evaporator. The obtained powders were heat treated 1n a
muille furnace having sufficient air at 400° C. for 1 hr, and
subsequently, the heat treated powders were ground using a
mortar and pestle. The ground powders were sintered at 850°
C. for 10 hr, to obtain a catalyst. The catalyst thus prepared
had a surface area of 15.7 m*/g.

COMPARAIIVE EXAMPLE 2

Preparation of La, (K, ,CoO; Catalyst Having Low Sur-
face Area

Mixture powders comprising 1 g of CoO, 0.184 g of
K,CO,, and 1.74 g of La,O; were ground by applying physi-
cal force while a small amount of ethanol was added to
moisten the surface of the powders. After the mixture pow-
ders were ground until the ethanol evaporated, they were
completely dried at room temperature. This procedure was
repeated 3-4 times, after which a sintering process was per-
formed at 850° C. for 10 hr, to obtain a catalyst. The catalyst
thus prepared had a surface area of 1.5 m*/g.

COMPARAIIVE EXAMPLE 3

Preparation of 1% Pt/ Alumina Catalyst

An aqueous solution of H,PtCl, was added 1n droplets at a
stoichiometric ratio to y-alumina (280 m*/g) powders while
being stirred. The powders obtained by mixing all precursor
solutions were sintered at 500° C. for 6 hr, and then reduced
at 450° C. for 1 hr 1n a 5% H,, atmosphere before reaction, to
obtain Pt/y-alumina.

Assay of Activity of Catalyst on Removal of Fine Soot Par-
ticulates

Oxidation experiments of {ine soot particulates were car-
ried out using the catalysts prepared in Examples 1 to 3 and
Comparative Examples 1 to 3 at their different reaction tem-
peratures. To this end, a mixture comprising soot particulates
and a catalyst mixed at a ratio of 1:10 was loaded 1nto a

reactor, through which nitrogen gas including 5% oxygen and
0.5% NO (a main exhaust gas component of diesel engines)
was passed at a rate of 20,000 L/kg cat-h. As such, while the
temperature was increased according to Temperature Pro-
grammed Oxidation procedures, the amount of CO, dis-
charged from the outlet portion of the reactor was measured.
The results are summarized 1in Table 1, below.
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TABL.

L1

1

Oxidation Temperature Of Particulates with Various Catalysts

Tz’g Tm.:zx TQD
Blank 430 580 610
K5T1,05 (Ex. 1) 220 340 348
K,Ti,04 (Ex. 2) 220 337 345
K 4Coq 311,05 (EX. 3) 224 340 350
Lag sKg5C005 of high Surface Area (C. Ex. 1) 275 380 560
Lag sK5C00; of low Surface Area (C. Ex. 2) 300 540 630
1% Pt/Alumina (C. Ex. 3) 320 420 480

T,,: Temperature at which soot particulates begin to ignite
T,...: Temperature at which soot particulates are removed at a maximum rate
Tyq: Temperature at which 90% or more of soot particulates are removed

As 1s apparent from Table 1, when using the catalysts
prepared 1n Examples 1 to 3 according to the present inven-
tion, a temperature, at which soot particulates are maximally
removed, 1s lowered by at least 40° C. than when using
conventional catalysts, regardless of preparation process. On
the other hand, when the La, (K, ,CoO, catalyst having a
high surface area, as a conventional catalyst, directly contacts
soot particulates, a temperature, at which soot particulates are
maximally removed, 1s 380° C. However, as the above cata-
lyst 1s attached to the surface of a honeycombed module for
the oxidation experiment, a temperature, at which soot par-
ticulates are maximally removed, 1s 480° C. From this, 1t can
be seen that the above conventional catalyst has drastically
decreased activity, and the reaction temperature thereof is
largely different from the exhaust temperature of diesel
engines. In addition, when using Pt/alumina, which 1s known
to be a typical catalyst for use 1 the removal of fine soot
particulates, a temperature, at which fine soot particulates are
removed, 1s increased by about 100° C. than when using the
catalyst of the present invention, and thus, the activity of the
Pt/alumina 1s decreased. As well, the Pt/alumina catalyst has
limitations such as low price competitive power due to the use
ol expensive precious metal. However, potassium dititanate
of the present invention 1s advantageous because it 1s 1nex-
pensive.

Assay of Activity of Catalyst on Removal of Fine Soot Par-
ticulates Varying with Kind of Exhaust Gas

For the exhaust gases discharged from diesel automobiles
including not only oxygen, NO and NO,, but also 50-100 ppm
SO.,, the activity of the catalyst of the present invention was
measured using the same reaction device as inthe above assay

by varying the kind of feeding gases. The results are given in
Table 2, below.

TABLE 2
Oxidation Of Soot Particulates Varying With Kind Of Feeding
(1as
Catalyst (Exhaust Gases) Tie  Thax Ty
K,T1,04 (5% O-) (Ex. 1) 230 348 355
K5T1,05 (5% 0O,, 0.5% NO) (Ex. 1) 220 340 348
K5T1,05 (5% 05, 0.1% NO,) (Ex. 1) 150 248 280
K,Ti,04 (5% O,, 0.1% NO, 0.01% SO,) (Ex. 1) 310 375 394
Lag sKg-5C00; (5% 05, 0.5% NO) (C. Ex. 1) 275 380 560
Lag sKg5C00; (5% 05, 0.1% NO, 0.01% SO,) 450 522 530

(C. Ex. 1)

As 1s apparent from Table 2, since the Perovskite type
cobalt catalyst has the reaction temperature increased to 450-
530° C. due to the sulfide poisoning, it cannot be used to
actually treat the exhaust gases. On the other hand, 1t appears
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that the catalysts of the present invention prevent poisoning.
Further, 1n the case where NO, 1s present in the exhaust gases,
the reaction temperature of the catalyst of the present mnven-
tion 1s remarkably decreased to 150-280° C. Hence, 1t can be
confirmed that the catalyst ol the present invention 1s effective
for the removal of soot particulates, taking into account that
the actual exhaust gas temperature of diesel engines ranges
from 150 to 350° C.

As described hereinbetore, the present invention provides
an oxidation catalyst for removing fine soot particulates and a
method of removing fine soot particulates using the catalyst.
The oxidation catalyst of the present invention can be used to
elfectively remove fine soot particulates at a low temperature.
Further, the oxidation catalyst has thermal durability, and
thus, 1ts activity may be maintained even under thermal stress
for a long time period. Also, the catalyst prevents poisoning
due to sulfur compounds present 1n exhaust gases, and can
maintain stable activity.

Although the preferred embodiments of the present imnven-
tion have been disclosed for illustrative purposes, those
skilled 1n the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed 1n the
accompanying claims.

What 1s claimed 1s:

1. An oxidation catalyst for removing fine soot particulates,
represented by the formula:

K _M,Ti,O.

wherein

M, 1f present, 1s at least one cation metal selected from the
group consisting of Na, L1, Ca, Mg, Ba, Sr, La, Co, Fe,
N1, Cr, Mn, Zn, Cu, Cd, Mo, V, W, Ce, B1, Sn, Sb, Pd, Pt,
Ru and Rh;

a 1s equal to or less than 2; and

b 1s O to 2/n, wherein n 1s a cation charge of metal element
M

further wherein said oxidation catalyst has a surface area of

about 0.5 m?/g to about 2.5 m*/g.
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2. The oxidation catalyst of claim 1, wherein M 1s not
present and a 1s 2.
3. The oxidation catalyst of claim 1, wheremn a1s 1.4, M 1s
Co, and b 1s 0.3.
4. A method of removing fine soot particulates, said
method comprising:
contacting fine soot particulates included 1n exhaust gasses
at a temperature of 150-500° C. with an oxidation cata-
lyst represented by the formula

K _M,Ti,O.,

wherein M, if present, 1s at least one cation metal selected
from the group consisting of Na, L1, Ca, Mg, Ba, Sr, La,
Co, Fe,Ni, Cr, Mn, Zn, Cu, Cd, Mo, V, W, Ce, B1, Sn, Sb,
Pd, Pt, Ru and Rh; a 1s equal to or less than 2; and, b 15 0
to 2/n, wherein n 1s a cation charge of metal element M
and said oxidation catalyst has a surface area of about
0.5 m*/g to about 2.5 m*/g; and

oxidizing the fine soot particulates using oxygen, NO, or
NO, 1n said exhaust gases to remove said fine soot par-
ticulates.

5. The method of claim 4, wherein the oxidation catalyst 1s
directly applied to an exhaust pipe for discharging exhaust
gasses, or directly applied to an internal wall of a device for
filtering soot particulate or a honeycombed dust filter module
for purilying exhaust gasses.

6. The method as set forth 1n claim 4, further comprising
pre-oxidizing NO 1n the exhaust gases to NO,, before con-
tacting the fine soot particulates with the oxidation catalyst.

7. The method as set forth in claim 4, wherein the exhaust
gases are discharged form a diesel engine, incinerator, boiler
or other combustion devices.

8. The method of claim 4, wherein M 1s not present and a 1s
2

9. The method of claim 4, whereinai1s 1.4, M 1s Co, and b
1s 0.3.
10. The method of claim 4, wherein said temperature 1s

150-340° C.
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